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conlribute lo conduction processes, and this makes tlic details 
of the properties of the Fermi surface of prime importance to 
understanding electrical conduction in solids. Two phenomena 
not included in this free-electron approximation cause real 
metals to have Fermi surfaces which are geometrical shapes 
other than spheres: conduction electrons experience potential 
interactions with the atoms in the crystal, and they experience 
Bragg reflections at the boundaries of the Brillouin zone. See 
Band ti-u^ory of sou\)S\ Bhiij,ouin 7,oni-. 

Other techniques for experimentally determining the dimen- 
sions and other detailed properties of Fermi surfaces of metals 
which involve the application of a magnetic field include the 
de Haas- van Alphen effect, the radio-frequency size effect, 
cyclotron resonance, acoustical geometrical resonance, and 
magnetoresistancc measurements. See Cyci.OTRON RKSO- 
NANCE KXiniRiMiiNrs: De Haas-van Ai..i^i-ii-:N i-i-f-tcr; Magne- 

TORKSISTANCE; Ul.™SONICS. [R.G.G.] 

Fermlum A chemical clement, Fm, atomic number 100, 
the eleventh element in the actinide scries. Fermium docs not 
occur in nature; its discovery and production have been ac- 
complished by artificial nuclear transmutation of lighter ele- 
ments. Radioactive isotopes of mass number 244-259 have 
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been discovered. The total weiglit of fermium whicli has been 
synthesized is much less than one-millionth of a gram. See 
AcTiN!r:)F: rijimknts; RAr^ioAcnvin'. 

Spontaneous fission is the major mode of decay for "'' 'l-m. 
^'"'Fm. and ^'""^rm. The longest -lived isotope is '--''^rm. which 
fins a lialf-life of about 100 days. [•ermiunv2S«S drcays by 
spontaneous fission with a half-life of (138 millisecond. I his 
suggests tlu? existiMicc of an al^iKirmality at Ihis i>oinl in tlu' 
nuclear periodic table. See Nuc:i.r:AK Cl iHMisrin ; Nuci.liAK I^IL- 
ACTION: Transuhanium KI..I£MI-:NTS. 1c5. T.S.I 

Ferret The name for tlie largest member of the weasel fam- 
ily. Mustelidae. This carnivorous animal, also known as the 
black-footed ferret {Mustela nignpes), is an inhabitant of the 
western states in the Rocky Mountain area, where it is referred 
to as the praine dog ferret or prairie dog hunter. Though once 
abundant, ferrets are now very rare; they suffered from the 
poisoning campaigns against prairie dogs and larger carni- 
vores. 

Two litters are born eacfi year after a gestation period of 
about 60 days, with 5- 10 young in each litter. Tlie maximum 
life is 13 years. See Carnivoha: Wf-.ASI-.!.. [c.fvc.) 

Ferrimagnetism A specific type of ordering '\u a system of 
magnetic moments or the magnetic behavior resulting from 
such order. In some magnetic materials the magnetic ions in a 



crystal unit cell may differ in tlieir magnetic properties. This is 
clearly so when some of the ions are of different species. It is 
also true for similar ions occupying crystallographically in- 
equivalent sites. Such ions differ in their interactions with other 
ions, because the dominant exchange interaction is mediated 
by the neighboring nonmagnetic ions. They also experience 
different ciystal electric fields, and these affect the magnetic 
anisotropy of the ion. A collection of all the magnetic sites in a 
crystal with identical behavior is referred to as a magnetic sub- 
lattice. A material is said to exhibit ferrimagnetic order when, 
first, all moments on a given sublatticc point in a single direc- 
tion and, second, the resultant moments of the sublattices lie 
parallel or antiparallel to one another. The notion of such an 
order is due to l^. Neel, who showed in 1948 that its existence 
would explain many of the properties of the magnetic ferrites. 
See FtZRRiTi:; Fkrromagnetism. 

In general, there is a net moment, the algebraic sum of the 
sublatticc moments, just as for a normal fcrromagnct. How- 
ever, its variation with temperature rarely exhibits the very 
simple behavior of the normal fcrromagnct. For example, in 
some materials, as the temperature is raised over a certain 
range, the magnetization may first decrease to zero and then 
increase again. Ferrimagnets can be expected, in their bulk 
properties, measured statically or at low frequencies, to resem- 
ble ferromagnets with unusual temperature characteristics. See 
CURIt IWPF-RATURE. (L.R.W.) 

Ferrite Any of the class of magnetic oxides. Typically the 
ferrites have a crystal structure which has more than one type 
of site for the cations. Usually the magnetic moments of the 
metal ions on sites of one type are parallel to each other, and 
antiparallel to the moments on at least one site of another 
type. Thus ferrites exhibit ferrimagnetism. See Ferrimag- 
NliTISM: IVIac.nktic matf^riai^s. 

There are three important classes of commercial ferrites. 
One class has the spinel structure, with the general formula 
' Fe^"* ' 0„. where * is a divalent metal ion. So-called 
linear ferrites used in inductors and transformers are made of 
Mn and Zn (for frequencies up to 1 MHz) and Ni and Zn (for 
frequencies greater than 1 MHz). MgMn ferrites are used in 
microwave devices such as isolators and circulators. Until the 
late 1970s, ferrites with square loop shapes held a dominant 
position as computer memory-core elements, but these gave 
way to semiconductors. See COMPUTER STORAGE TECHNOL- 
OGY. 

The second class of commercially important ferrites have 
the garnet structure. Willi the formula M / ' Fer,"^ ' 0,^,, where 
M^' is a rare-carlh or yttrium ion. Yttrium-based garnets are 
used in microwave devices. Thin.monocrystalline films of com- 
plex garnets have b(»en developed for bubble domain memory 
devices, See MAGNliTIC BUIiBLI-: MI^MORY. 

The third class of ferrites has a hexagonal structure, of the 
M^ * Fe,./* ' 0,.» magnetoplumbite type,, where M^ * is usually 
Ba. Sr. or Pb. Because of their large magnetocrystalline aniso- 
tropy. the hexagonal ferrites develop high coercivity and are 
an important member of the permanent magnet family. 

Another magnetic oxide, 7-Fe^O ^, also has the spinel struc- 
ture, but has no divalent cations. It is the most commonly used 
material in the preparation of magnetic recording tapes. 

The largest usage of ferrite measured in terms of material 
weight is in the nonlinear B/H range, and is found in the form 
of deflecting yokes and flyback transformers for television re- 
ceivers. The cores for these devices must have fiigh saturation 
induction B., along with high maximum permeability at the 
knee of the B/H curve to frequencies as high as 100 kHz. the 
effective flyback freciuency used in scanning a television tube. 
Again, MnZn and NiZn ferrites dominate the use in these de- 
vices. See TiiLKVisiON ri-x:eiver. [g.y.c.1 



BEST AVAiUBLE COPv 



Ferroalloy A member of an Important group of metallic 
^raw materials required for the steel industry. Fenroalloys are 
the principal source of such additions as silicon and manga- 
nese which are required for even the simplest plain-carbon 
^steels; and chromium, vanadium, tungsten, titanium, and mo- 
^lybdenum, which are used in both low- and high-alloy steels. 
:Fen-oalloys are unique in that they are brittle and otherwise 
"iihsulted for any service application, but they are important as 
the most economical source of these elements for use In the 
manufacture of the engineering alloys. These same elements 
fan also be obtained, at much greater cost in most cases, as 
Issentially pure metals. The ferroalloys contain significant 
Amounts of iron and usually have a lower melting range than 
=the pure metals and are therefore dissolved by the molten 
steel more readily than the pure metal. In other cases, the 
lather elements in the fenroalloy serve to protect the critical el- 
ement against oxidation during solution and thereby give 
Jiigher recoveries. Ferroalloys are used both as deoxidizers 
Ind as a specified addition to give particular properties to the 
Steel. See Steel e Ig:d.J 

Ferrocene Dlcydopentadlenyl iron, (CsHgjgFe, an orange 
llystalline solid with a melting point of 174*C (343T), The 
Ibmpound sublimes at lOO^C {212T). is diamagnctic. and has 
f^dipolc moment of zero. The structure of fenrocene, In which 
atom of iron is sandwiched between two parallel cyclopen- 
feidicne rings, is shown below. > ^ 




PrThe most outstanding feature of the chemistry of ferrocene 
^" its aromatic character. The aromaticity of ferrocene is evi- 
^denced by the manner in which It behaves toward electrophilic 
Reagents. The molecule undergoes typical Friedel-Crafts acyla- 
Jion to yield either the mono- or dlacetylatcd product Fer- 
rocene also undergoes other electrophilic substitution reactions 
fti^jical of a reactive aromatic compound. See AROMATIC; Met- 
"^aOCENE. iF.D.P.l 



{FerrdelectriCS Crystalline substances which have a per- 
^Wnent spontaneous electric polarization (electric dipole mo- 
^^ent per cubic centimeter) that can be reversed by an electric 
afield. In a sense, fenroelectrics are the electrical analog of the 
vferromagnets, hence the name. The spontaneous polarization 
fe the so-called order parameter of the fen^oelectric state. The 
flames Seignette-electrics or Rochelle-electrics, which are also 
ivldely used, are derived from the name of the first substance 
|found to have this property, Seignette salt or Rochelle salt. 
|See Feri^omagnetism. >x - 
11 From a practical standpoint fenroelectrics can be divided Into 
mo classes. In fenroelectrics of the first class, spontaneous po- 
llarization can occur only along one crystal axis; that is, the 
iferiroelectric axis is already a unique axis when the material is 
fn the paraelectric phase. Typical representatives of this class 
re Rochelle salt, monobasic potassium phosphate, ammo- 
lium sulfate, guanidlnium aluminum sulfate hexahydrate, gly- 
ne sulfate, colemanlte, and thiourea. 
J In fenroelectrics of the second class, spontaneous polariza- 
ion can occur along several axes that are equivalent In the 



. ^ FERROELECTRICS 765 

paraelectric phase. The following substances belong to this 
class: barium(IV) tltanatc-type (or perovskitc-type) fenroelec- 
trics; cadmium niobate; lead niobate;. certain alums, such as 
methyl ammonium alum; and ammonium cadmium sulfate. 

From a scientific standpoint, one can distinguish proper fcr- 
roelectrics and Improper ferroelcctrics. In proper ferroelectrics, 
the structure change at the Curie temperature can be consid- 
ered a consequence of the spontaneous polarization. In Im- 
proper ferroelectrics, the spontaneous polarization can be con- 
sidered a by-product of another structural phase transition. 
Examples of such systems are gadolinium molybdate and bor- 
acltes. -■■ ■ 

The spontaneous polarization can occur In at least two 
equivalent crystal directions; thus, a ferroelectric crystal con- 
sists in general of regions of homogeneous polarization that 
differ only In the direction of polarization. These regions are 
called ferroelectric domains. Fenroelectrics of the first class 
consist of domains with parallel and antiparallel polarization, 
whereas ferroelectrics of the second class can assume much 
more complicated domain configurations, The region between 
two adjacent domains Is called a domain wall Within this wall, 
the spontaneous polarization changes its direction. 

As a rule, the dielectric constant € measured along a fenro- 
elcctric axis Increases in the paraelectric phase when the Curie 
temperature is approached. In many ferroelectrics, this In- 
crease can be approximated by the Curie- Weiss law. See 
Curie-Weiss LAW; Dielectric CONSTANT; Dielectrics. 

Ferroelectrics can be divided Into two groups according to 
their piezoelectric behavior. The fenroelectrics In the first group 
are already piezoelectric In the unpolarized phase. Those pi- 
ezoelectric moduli which relate stresses to polarization along 
the fenroelectric axis have essentially the same temperature de- 
pendence as the dielectric constant along this axis, and hence 
become very large near the Curie point The spontaneous po- 
larization gjves rise to a large spontaneous piezoelectric strain 
which is proportional to the spontaneous polarization, r ^ ^ 
The ferroelectrics in the second group are not piezoelectric 
when they are In the paraelectric phase. However, the sponta- 
neous polarization lowers the symmetry 59 that they become 
piezoelectric In the polarized phase. This piezoelectric activity 
is often hidden because the piezoelectric effects of the various 
domains can cancel. However, strong piezoelectric activity of a 
macroscopic, crystal or even of a polycrystalline sample occurs 
when the domains have been aligned by an electric field. The 
spontaneous strain Is proportional to the square of the sponta- 
neous polarization. See PIEZOELECTRIC CRYSTAL; PlEZOELEC- 
TRICriY. * " 

Antiferroelectric crystals are characterized by a phase transi- 
tion , from a state of , lower symmetry (generally low- 
temperature phase) to a state of higher symmetry (generally 
high-temperature phase). The low-symmetry state can be re- 
garded as a slightly distorted high-symmetry state. It has no 
permanent electric polarization, In contrast to fenroelectric crys- 
tals. The crystal lattice can be regarded as consisting of two 
Interpenetrating sublattlces with equal but opposite electric po- 
larization. This state is refenred to as the antipolarized state. In 
a certain sense, an antiferroelectric crystal is the electrical ana- 
log of an antifenomagnetic crystal. 1 

The piezoelectric effect of ferroelectrics (and certain antifer- 
roelectrics) finds numerous applications in electromechanical 
transducers:^? The large eiectrooptlcal effect (birefringence in- 
duced by an electric field) Is used in light modulators, in cer- 
tain ferroelectrics, light can Induce changes of the refractive 
Indices. These substances can be used for optical information 
storage and in real-time optical processors. The temperature 
dependence of the spontaneous polarization corresponds to a 
strong pyroelectric^ effect which can be exploited in thermal 
and Infrared sensors, ^ lW.K.) 
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